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.CRF&P ST RENGTH OF STABILIZED WROUGHT ALUMINUM ALLOYS*

By W Muller
1. .PREVIbﬁs TESTS

Report No. 540/325 contained a description of then-
available equipment for testing the creep strength of -alu-=.
minum - alleys as well as the test results. Thisg original
equipment, emploving the Rohn system, is semiautomatic
and affords practical values corresponding approximately
to the creep strength. Individual strain measurements
with the Martens mirror instrument on test bars at a load
corresponding to the creep strength obtained earlier at
elevated temperaturc, disclosed a rate of strain substan-
tially lower than specified, according to the definition
of "creep strength" (DVM standard): rate of elonsation =
1/1000 percent per hour, from the 25th to 35th hour of
loading; the plagtic deformation after the 45th hour of
loading should not exceed 0.2 percant.

2. NZIW TE STING ARRANGEMENT

Since then the Rohn-type equipment has been mounted
on rubber blocks, for the purpose of dampving the vidbra-
tions of the ground and of rendering the plastic yielding
of the test bars less subject to outside interferentces.
New equipment also included three shockvroof creep-testing
machines with the Martens mirror instruments for recording
the strain curve of the fatigue-tested specimens. For the
control and meintenance of a constant test temperature in
the heating oven of the creep-testing machines, rheostats
were mounted on a special control vanel, and for the elim-
ination of voltage fluctuations in the alternating-current

ystem, each group of machines ig fitted with an auxiliary
oven that keeps the supvlied gquantity of electricity con-

Abbrev1ated copy of Report No. 536, entitled: "Warmdauer—
standfestigkeit stadbilisierter Alumlnlum~Knet Tegier-
unzen.” Aluminum-~Iandustrie A.G.-Nevhausen, Switzerland,
December 30, 1939,

-




2 NACA Technical Memorandum No., S60

stant, and so assures a. constant heat supply ian the sepa-—
rate ovens, as well as a constant temperature by coastant
heat removal.

With these auxiliary ovens, the rheostats and -~ de-
pending upon the choice of tapping the ovens ~ the test
temperature can be regulated by degree from 20° to 500° ¢,
and kept constant for any length of time to within £0.5° ¢
acecuracy. Tae change in cooling conditions caused oy var-—
iable room temperature on the separate ovens can be com-—
rensated by proper selection of the auxiliary oven temper-—
ature. ZEventually, existing temvperature differences on
the lower, middle, or uvnper vart of the test bar can be
comnpensated by suitably chosen secivion of the ventilating
holes on the upper end of the vertically suspended Sube
furnace of the creep-strength machines. '

Photograph No. P 303& shows the installation.

%. NEW TEST RESULTS

2) Static Creep Strength (Short-Period Test)

Siace, prior to the present creep-strength tests, the
amount of data on the behavior of aluminum alloys at ele-
vated temperature and static tensile stress was not very
great, the experiments described aereinafter were made ex-
clusively on stabilized alumiaum alloys. Evsn though such
alloys (in completely softened state) are not likely to be
used for structural parts, their testing is nevertheless
justified because the test values obtained represeat ex—
treme caseswhich eventually could occur after long-time,
continuous reheating: and on the stabilized aluminum al-
loys, the hot-hardening or softening phenomena are not
the same as on age~hardened or cold-worked aluminum alloys.
Now that the behavior of stabilized aluminum alloys is
known and certain experimental data have been acscumulated,
age—~hardened and cold-formed nlloys of aluminum con also
be investigated concerning their creep strength,

To compensate for any difference in structure in the
extrusions which might cause nonuniformities in the indi-
vidual test values, the separate extrusions were redrawn
cold, to test bars of from 25- to 20~miliimeter diameter;
from 22~ to 18-millimeter diameter; or from 20~ to 18-
millimeter diameter, before being stadbilized by annealing,.
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- The testd, .so far, inCludevtheifollgwing alloys:

CAluninum, 99.5 percent pure, extruded to 25 nn diameter;
" redrawn cold to 20 mn dianeter, and stabilized.

Anticorodal, 1 percent Si, routine cast, extruded to 22 mnn
dianeter; redrawn cold to 18 nn diameter, and stadbilized.

Avional D, extruded to 20 mm-diameter; redrawn cold to ;8
nn diameter, and stabilized.

Peraluran 2, extruded to 25 nn dianeter; redrawn cold to
20 mn dianmeter, and stabiligzed. -

Péralunan 7, extruded to 25 mm-diameter; redrawn cold to
20 mm diameter, and stadbiligzed. .

The static testing of these alloys vielded the fole
lowing data:

Static Test. Data (at 20° C)

Alloy Tdenti~ | 5 0.02|00.2| o3| ®B |EB 8|
1 fication

Al pure . '
25/20 diam. BZ 0.9 | 1.5| 8.1 | 6750} 18 37 | 85
Anticorodal :
22/1e diam. BQ Bed 6.5(11.3 | 7000 | 32 321 |68
Avional D
20/18 diam. BU 645 9.8(18.7 | 7300 | 51 13 | 55
Peraluman 2 - .
25/20 diam. 00 7.0 7.9 22,41 6750 | 53 19 | 55
Peraluman 7 N . . ‘
25/20 diam. cD 11.2 12,9 (30,6 | 6600 | 82 9 |10

To ascertain the relationship between the elastic
properties (0 0.02, 00.2, strain limit and the E modulus)
and the momentary test temperature, records were made )
throughout the temperature ranse from 20° to 480° ¢, with
the Martens nmirror instrument, and the obbtained findings
plotted on sheets MNP 235la, 2353a, 2354a, 2355a, and
2356a., B : '
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.. On comparison of the ¢ 0.2 strain-limit wvalues of the
present test with the earlier values (Revorts Io. 527a/32
and 555/36) obtained in normal high-temperature tensile
test, it is scen that the earlier ¢ 0.2 sirain limits for
stabilized pure aluminum {(99.3 percent) and for stabilized
Peraluman 2, were considerably higher. This is due to the
fact that, on the one hand, the 00.2 limit was determined
from the machine diagram and the tengile-test period is
from 2 to 5 minutes only; whereas the period with Martens
mirror instrument and with dircct-weight application, takes
abour one hour. It was known from earlicr experiments that
the values for the 00.2 strain 1limit would be as nuch
lower as the period of loading is gzreater. On the other
hand, the extruded bars used in the tests described here,
are cold-worked before annealing and comnletely softened,
accordingly. On conclusion of the elasticity measurement
on the individual test bars, the Martens instrument weas
removed, the specimens reheated to the same temperature,
and then loaded to failure in stafes by direct application
of weights through a transmission lever,

The obtained data on proof stress 03B, elongation at
failure 6 10, and contraction 1, are reproduced on
sheets MP 2351lc, 2353c, 2354c, 2355c¢c, and 2356c. All the
tested alloys manifest a drop in tensile strength with as-—
cending test temperature; the proof stress and the con-
traction increase with ascending teumperature up to a cer-
tain maximum value, but decrease at further increased test
temperature. The tost bars disclosced at the same time a
coarge recrystallization during the extrenmely high-temper-
ature tensile tess.

Since the earlicr tensgile tests had veen made at tem-
peratures of, at mas ,.450O C, optimum values could de
ascertained solely on Peraluman 2 and Peraluman 7. Of ia-
teregt is the “act thct these test temperatures at which
the individual aluminum alloys manifest maximum elongation
and contraction values, are in agreement with the procti-
cally ascertained optimum hot-working tenperatures. Fur-
ther hot-~forming, at still higher temperatures, induces
heat crackinga. '

B ek O

"

)

) Oreep Strength
In the »nresent investigation the creepn strength was
explored by two methods and the results compared. 3y the
Rohn method, the test bar is sudjected to a certain load
and the test tenmperature raiscd in stageos until it yields

v
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under the effect of the continuous load and the last set
temperature. The thereby-induced stretching diminishes -
the ‘test temperature across regulating contacts and re-~

“lays-until-the~specimen is practically through streteching.

The automatically rezgulated end temperature corresponds-
fairly exactly with the temperature at which the material
can be loaded as long as desired under the. chosen Fatigue
tengile stress without the plastic flow exceeding admissi-
ble bounds. : ’ o C

The objection raised against this test nethod is that
the test bar, by the chosen load stage, is sudbject to plag-
tic flow as o result of the initial recessary overtempera=-
ture, and so becomes a little strain-hardened. The thus-
changed material might, unless this strain-hardening is
voided by the existent test or overtemperature, result in
excessive crecp-strength values. On the other hand, this
nethod reguires that the autonatically adjusted end ten—~
verature remain practically constant for some time, waich
is the case for the studicd aluninum alloys after about 30
days, as seen fron the appended diangrans MNP 23514, 23534,
23544, 23554, and 23564. ‘

It suggests itself now to estaslish, by strain meags-
urcnents on the one hand. the plastic flow of the test
bars whon stressed in. the different load stages at the end
tenperature by . the Rohn method. On the other hand, it is
desirable to ascertain the temperature at which the test
snecinen stretches from the 25th to the Z5th lhour of load—
ing, with a strain rate of l/lOOO percent per hour since,
according to the DVM standard of creep rate for steel, 2
strain rate of 1/1000 perceant ver rhour is pernissible be-
tween the 25th and 35th londing aours, while the total
strain, after 45 hours, nust not exceed 0.2 percent,

These neasurenents would indicate whetler a short—
tine test method, as. sugsested for steel, would be prac—.
tical for creep—strengih testing of aluninun alloys. ’

We rade o nunber of time-yvield records in conjunction

with the Martens nirror instruments. . The obtained test

points were plotted in curves, from waich the strain rates
at the individual test temperantures and load stazes cnn.be
conputed. To establigh the further_Strain curve of .the
fatigue~loaded specinmens, the experiments were extended to
a 550~hour test period, and the strain rate deternined ve-
tween the 450th and 550th hour. Because of the nany curves,
the individual tine-yield records have not. beén included

in the present report. - e
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The rates of strain recorded at the different load
stages and the temperatures are included in MP 23514,
23534, 23544, 23554, and 23564, So far as the bars have
been tested at different temperatures at the individuval
load stages, thev are indicated bv thian lines, the inter-
section of which with the heavier horizontzl straizht
line (strain rate = 1/1000 percent per hr), 3ives the de~
sired temperature at which the barg stressed with the
corresponding load stage, wanlvest a strain rate of 1/1000
percent per hour from the 25th to 38th hour of loading.
Plotting this temperature with the related load stage in a
curve, Zives the heavy solid curve of the creep strengih
shown in the 3rapis. This curve i1s, with the excepition of
Anticorodal (#P 23534), somewhat higher throusghout the
entire temperature range than the curve obtained By the
Roan method. The curve for the hot vield point (0 0.2
strain limit), included for comparison, discloses that up
to a certain temperature the obtained creep strenzth lies
avove the 00.2 strain limit. This is due to a cold-
working occurring at the comparatively hish load stages,
which strain-hardens the stabilized mater-ml and which
cznnot be removed again o the present test tember%ture
and the emnloyed test period.

However, since the structural parts of a desisgn
should not e stressed bevond the 00.2 strain limit bve-
cause oFf plastic flow, the T 0.2 linit may, u» to around
1000 -C, oe looked upon as the maximum safe strecss for the
fatigue tensile load also. 0f course, it must be Dorne
in mind that the plastic flow of a specimen, stressed at
the keight of the 00,2 limit, can be sudstantially sgreat-
er than the O.2-percent stretch obtained by the elasticity
measurement . ' ' : :

Sheet HMP 2358 =zives the achieved creep-strength val-
ues of the tested aluminum allovs. A comparison with the
earlier data (Report No. 540/?5) disclosges that, in spite
of the completely softened aluminum alloys used, the pres-
ent creep-strength values are, on the whole, up to 50 per-
cent higher than the others. The reason for this is, that
in the earlier tests the testing machines were without
shockproof mountinsg, hence the round vibrations actually
accelerated the flow process in the test bars. The coun-
clusion, therefore, is that when using creep-strensth na-
chines wita direct weight application, the vidbrations oc-
curring during the test must be recorded. The standards
for creep-strength specifications should therefore coantain
also an indication of the maximunm aam1531ole stress varia-
tions in the test bar. -

Tranglation by J. Vanier,
National Advisory Committee
for Aeronautics.
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MP23553a- Hot-elasticity measurement on stabilized anticoradal.
Bar BQ extruded to 22 mm ¢ then redrawn cold to 18 mm ¢
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MP2354a- Hot-elasticity measurements on stabilized avional D.

. 8— Bar BU e tﬁuded to 20 ¢ then redrawn cold to 18 mm ¢.
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MP2355a- Hot-elasticity measurements on stabilized peraluman 2.
Bar CC extruded to 25 mm ¢ then redrawn cold to 20 mm ¢.
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MP2356a- Hot elasticity measurements on peraluman 7.
Bar CD extruded to 25 mm g then redrawn cold to 20 mm g.
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MP2351d- Creep strength of stabilized pure aluminum (99.5%).

Bar BZ extruded to 25 mm ¢ then redrawn cold to 20 mm g.

2.0

aY/%000T/T Ul UTBI}S JO 898Y]

O o @ <gt

HEEE

500‘O

©

o

'PEGEIdN PUB PTGEZdN

*BuTpBOT JO JNOY Gg-GZ
U3 Ueemjsq UTBIGS JO 99BY +
(z'0 ©) qutod pleth 30 -——

(uyoy) Y3Buedys desd) o~----- ;
(I9/%0001/1) Y3Buedgs dead) x

400

I07 Loy

Ha
aml
&

2]

rﬂ
]
|
|

\
300

\\‘\
200

>,

N

0 O Ky O

3= /

<} | 9 0

100

+]

/3

')
"

10

/3y ut

@© O <t a - o

yj3ueags desao pue

(2 o)jutod piath g0y

Test temperature in °C

MP2353d- Creep strength of stabilized anticorodal, Bar BQ extruded to

22 mm ¢ then redrawn cold to 18 mm g.




¢ wm gz 09 POd

Hot yield point(o .2) and
creep strength in kg/mm?
AV} > (o)}

(@] m
o)
5 SR
S E 5
§ o H & g
P o \Zﬁl@ﬁw)%;/H ,
gg o| R alinc ¢
R o \ 6.0 > /]l gn~¢
Qs 1 pE : o
Q i e Pad ;& a
0 & 1 gty / ® o
Ll'i 3 o L il 5 a
o R AR 15
Qo (C‘Dr 4 4+\\ 2 O Q.
o 58 x =T A o =
- o g 4 . o o
2ot I - g%
ro & £ 4 o0 3.85 o o
NE 6w / g °=
e (@) II/' d - g e
2 5o V| 4] 0.0 646 oy
= N 1 © N
- %21 o 2
g-v / - 5 o
=8 s — Uro] | e
28 W[IT/ e T 3 3
&g 3 f+—Key for MP2354d and MP2355d e .
28 L x Creep strength(1/1000%/ hr) g -
5 | ----—- o Creep strength(Rohn) B
. ——- Hot yield point(s 0.2)
B + Rate of strain between the
25-35 hour of loading.
2 f Tl D
o [ =
) )N @ 2o o

Rate of strain in 1/1000%/ hr

Do Ul euanjedsdweq 9ss8],

Hot yield point(c .2) and ‘: =
creep strength in kg/mm? SR
N ® o C o e
. o @
8 o
- I =2
=10 / =
. . e
Ly O. o
' @
= 0%:' / ,Tk [
= N / -1 =
o ERE s E =
T S 4+ ©°
S L 1 110.0 ko /mm4
e - VAL ] +
| [Teeklap -
A 6.0 °
. A — 540 ©
o
(@] ;7 g o
* 4.0
7V
}V+ ’ \ ]
o e .
X = N }
/I/ N R
77 T T
sl ool
S 7 =g
/’ K R
// i
N
8
5
HE Do
2B o
A -
: Y
2 ik 55
S _ — N
. . . . C e - . (e} ]
o ‘S @ IR VIR o g
¢, . . . H =
Rate of strain in 1/1000%/ hr ” 8



Creep strength and ¢ 0.2 limit of elongation in kg/mm?

2
=
a
14 248 14 -
S L. ® - — = — %
™~ N m 2 o Perall upar] q-/ g
N m Noed g
12 3o 58724 12 =
A NCRSe-lak 5
\ /.U..mm(m.w»mx ’ 1
REE S5E5 2y , :
10 ‘ PP O822.0 10— , 3
| \ mmmaw.%.” Adiohal 07 ] | .oN
\ \ @Wﬁﬁw%; o J ©°
Joy ! O 0P P m N o
° P88 & 1y 9 TR °
T x 0 -1 A
NN EINI b7 M =  |Paralluman 2\ \
: ~ : i 5 £
“. N C\N __P / “ * 1 W = , /
1L X ! « + >
° M| AR 12y @¢ \ I
B £ B N NN
FL ! | & a Adtikotodal
X I B of. AN
IR | s X
‘/ fo
ol [T
2 O\ \.‘.‘.M( N, h.m 2 /f N
E IR | o L VAN
,_fO. - ’ I Pire| aluminfm! | T~ ™~
g // //4 //
o e
0 100 200 300 400 0 0 100 200 300 400

Test temperature in °C

Test temperature in °C.

'

MP2358- Creep strength of stabilized wrought
aluminum alloys. Rate of strain between
the 25 and 35 hour of loading = 1/1000%/hr.

MP2356d~ Creep strength of stabilized peraluman 7.
Bar CD extruded to 25 mm ¢ then redrawn
cold to 20 mm g.

91
8G¢2dN “P9GLEdN

L



| IIHIilHIIlHIIHIHﬂlﬂllﬂllllﬂlll\ﬂ!IH ﬂl(lNIﬂlWll

3 1176 0144




